cannot be inhibited (hence its attraction as a memory maintenance molecule); however, pharmacological inhibitors of PKMz are available. Many studies have now shown that inhibition of PKMz appears to erase consolidated memories, as well as established LTP [18] . But not all forms of consolidated memories are susceptible to disruption by inhibition of PKMz [19] . Furthermore, the specificity of the inhibitors that have been used to block the activity of PKMz has recently been questioned (discussed in [19] ). Finally, at present there is no way to ensure the precision of the memory-weakening actions of PKMz; in principal, nontraumatic and traumatic memories would be erased indiscriminately by inhibiting PKMz's activity in the brain. These facts suggest that manipulation of the activity of PKMz is unlikely to prove clinically useful in the near future.
The grand challenge to understand the biological mechanisms that support memory is unfolding during a golden age of neuroscience research. One prospect for the future is the goal of integrating a deep understanding of biological mechanisms with sophisticated models of human cognition. For example, there is growing evidence that specific aspects of human memory can be modeled in non-human animals, including such processes as episodic memory, declarative memory, and prospective memory ('remembering to remember'). Combining these approaches with new insights about the biology of memory has the potential not only to illuminate some profound mysteries of the mind, but also to advance translational research that may ultimately foster the development of therapeutic approaches to severe human cognitive disorders [20] . Another reason for optimism is the rapid progress in experimental methodologies available for studying memory. For example, optogenetic tools now permit the targeted expression of calcium indicators, or light-gated ion channels, neurotransmitter receptors and ion pumps, in specific types of neurons; investigators can thereby optically monitor, or remotely manipulate, the activity of the neurons in intact animals while the animals are actually learning or recalling a learned experience (see for example [10] ). These and other developments point to a bright future for research into how brains store and retrieve information about the past.
Memorable outliers
Reports of photographic memory are widespread but the search for truly extraordinary memory abilities has uncovered only a handful of examples. But the fact that such individuals exist has fascinated and begs the question, what is the source of such abilities? Cyrus Martin reports.
Whenever we discuss an ability, whether it be athletic or artistic, there tends to be a fascination with those individuals that occupy the farthest reaches of the bell curve. Whether it be Olympic caliber sprinters or pianoplaying prodigies, those individuals that perform at an unusually high level inspire awe and wonder, forcing us to re-examine what is possible. The realm of human mental abilities is no exception. Certainly, the Isaac Newtons of our past belong in any discussion of unusual cognitive abilities, but it is exceedingly difficult to put one's finger on what, precisely, is so different about these individuals. Maybe this difficulty reflects the complexity of intelligence and genius, seemingly ill-defined qualities that can come in many forms. But if we break down cognitive abilities into separate components, we can at least find some traits that can be readily measured and their 'unusualness' better appreciated. Human memory is a good example of a skill that anyone can instantly grasp and for which there is a rich folklore.
Most people have heard of photographic memory, particularly the ability to recall large volumes of text at will. Edmund Morris wrote in his biography of Theodore Roosevelt, for example, that Roosevelt often devoured a book a day and could readily recite whole passages from particular texts many years later. Another American president, Bill Clinton, was said to be endowed with the same ability. But what are we to make of these anecdotes? Unfortunately, there have been very few studies to measure the abilities of persons claiming photographic, also known as eidetic, memory. One notable exception is in the niche area of cognitive psychology concerned with 'expertise', and in particular the So what is special about the game and the expert's relationship to it that allows such phenomenal memory? In pioneering work in the mid-20 th century, the Dutch psychologist and chess master Adrian de Groot sought to answer this question by undertaking a series of experiments comparing chess masters with 'mere' experts. This work distinguished itself by the use of innovative techniques, such as requiring that the players think out loud when planning their moves. De Groot's studies and subsequent work showed that, while the short-term working memories of chess masters was quite average, years of arduous practice had allowed these individuals to accumulate a huge number of complex patterns in their long-term memories. In one proposed system, a particular arrangement of pieces encountered in a game is broken down into pieces, or 'chunks' to use specialist jargon, that can be stored away for retrieval at a later time. In this way, with practice, a novel arrangement of pieces seen in a game can be readily recognized as an arrangement of a smaller number of chunks. 
, always in a specific spatial order (e.g., walking from the front door to the living room, then to the kitchen, then to the bedroom, etc). In this way, the objects and thus the sequence of the cards can be retrieved by retracing one's steps and remembering what objects were where. As documented in a highly popular article written for the New York Times Magazine, the author Joshua Foer trained for a year using this approach and was able to break the American record for card memorization with an impressive time of 1 minute and 40 seconds, seemingly demonstrating that, with time and effort, we could all impress our friends with similar abilities.
So can all anecdotes of extraordinary memory be explained by simple, albeit painstakingly developed parlor tricks? When the movie Rain Man was released in 1988, it brought attention to a rare group of individuals known as autistic savants, the existence of whom seems to suggest that true eidetic memory may be possible. They possess a range of unusual skills in various categories including math and art, and importantly memory. Dustin Hoffman's character in the movie was loosely based on the real-life savant Kim Peek who was said to read and memorize as many as eight books a day at the public library in Salt Lake City, Utah. Amazingly, Peek apparently would read both pages of an open book simultaneously, using one eye for each page. Peek's recall was jaw-dropping, and he could allegedly retrieve any historical fact from his brain that had been deposited there during his library researches. An example of a more recent savant is the architect Stephen Wiltshire, who is famous for being able to render whole cityscapes after a single helicopter ride. Wiltshire's drawings are so accurate that even small details, such Memory and expertise: Chess masters, such as Gary Kasparov depicted here, are known to possess phenomenal memory abilities, in some cases being capable of playing many games simultaneously while blindfold. Studies of these players suggest their phenomenal memory abilities are the result of practice rather than innate ability. (Photo: courtesy of Kasparov.com.) as the number of columns or windows on individual buildings, are faithfully reproduced in images that encompass many city blocks, even whole cities. These abilities apparently manifest themselves without any prior training and so can be considered innate.
Are autistic savants unique in their natural memory abilities? Until very recently, common wisdom would have said yes. That is, until neuroscientist James McGaugh received a desperate letter from a woman known as AJ that began as follows, "As I sit here trying to figure out where to begin explaining why I am writing you and your colleague (LC) I just hope somehow you can help me. I am thirty-four years old and since I was eleven I have had this unbelievable ability to recall my past…" AJ proceeded to explain how she could recall events from almost every day of her life from the age of eleven on, from what she had for dinner on March 31 st , 1983, to whether it was raining on August 11 th , 1994. The woman was consumed by dates, and these recollections occupied many of her waking hours, manifesting as a great mental burden, rather than a skill to be admired. The letter sparked the interest of McGaugh and his colleague Larry Cahill at the University of California at Irvine, who, though skeptical, decided to invite AJ to the laboratory for a series of tests that would reveal the veracity of the woman's claims. Against all odds, AJ replicated the abilities described in the letter, and the results were published as a single case study in the journal Neurocase (Parker et al. (2006) . Neurocase 12, [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] . The condition at the time was referred to as hyperthymesia, from the Greek word 'remembering', but has since been redubbed Highly Superior Autobiographical Memory, or HSAM.
Following the publication of this 2006 study, individuals claiming similar abilities came out of the woodwork, so McGaugh and Cahill endeavored to test them with the hope of perhaps finding another AJ, or maybe even a group of individuals that would help them build on their single case report. As luck would have it, they found 11 such people, including the actress Marilu Henner, of Taxi fame (LePort et al. (2012) . Neurobiol. Learn. Mem. 98, 78-92). All these individuals were connected in possessing the ability to recall relevant personal events from nearly every day of their life from a certain age onward. In addition, the study revealed that the HSAM subjects also tended to have obsessive compulsive tendencies and, like AJ, tended to dwell on dates for long periods of time. Some of the subjects used their ability as a relaxation tool, in one instance, while sitting in traffic, reflecting on significant events occurring on every day of a particular year. Another common theme found in the study was that individual memories seem to cue additional memories, and thus a chain reaction of sorts is initiated in the individual's mind, making it difficult to focus on other things. Perhaps, surprisingly, despite their prodigious memory of personal life events, the HSAM individuals did not score better than average on rote memory exams, which were consistent with the tests originally performed on AJ and her recollection that she had struggled as a child in the classroom.
The existence of these abilities raises the question of their origin. At this time, we have no firm answer, although the 2012 study did take a first step by examining whether the brains of the HSAM subjects differed at a gross morphological level from individuals with normal memory abilities. Interestingly, several brain regions linked to episodic memory, the type that is so highly developed in these individuals, did appear to be universally altered in HSAM. It is unclear, however, whether these morphological changes are the cause of the enhanced episodic memory or the consequence of its exercise.
Studies of the chess players and the memory 'athletes' should certainly make us skeptical about the claims surrounding unusual memory abilities. Is it possible, for example, that the HSAM individuals are using an undetected mnemonic device to remember the events of their life? The fact that these people show obsessive compulsive tendencies and spend a good deal of their time thinking about their past certainly is consistent with a kind of training. And then there is the observation that, as in other spheres of extraordinary memory, innate, short-term memory seems to be average. These will be interesting questions to address in future studies of HSAM individuals, and autistic savants for that matter. In any case, perhaps the use of training should not diminish the impressiveness of the skill. The cynical view would be that claims of unusual memory all come down to clever 'tricks'. But another way to think about it is that we all maybe have it within ourselves, with focus and determination, to extend our abilities such that they approach those of the exceptional people we'd like to emulate.
Cyrus Martin is Senior Scientific Editor at Current Biology.
Memory athletes:
Every year, memorists gather from far and wide to square up in competitions that test their powers of recall. Many of the contestants utilize mnemonic devices such as the 'memory palace' to help them remember long sequences of digits and cards. (Photo: courtesy of www.worldmemorychampionships.com.)
